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Abstract: Map comparison methods are used to express the similarity between maps. They are 
amongst others used in validation and calibration procedures of spatial models. It is found that 
traditional map comparison methods do not distinguish small differences from large differences, 
which leads to comparison results that are not in accordance with human judgment. In this paper 
a relatively new method for the comparison of categorical raster maps, the Fuzzy Kappa statistic, 
is compared to two other methods, which are much applied: the Kappa statistic and the 
Percentage-of-Agreement. It is found that the Fuzzy Kappa statistic approaches human 
judgement, as expressed in an Internet survey, better. 
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1. Introduction to map comparison 
Map comparison procedures are used to numerically express the similarity between two 
maps. The result of a map comparison can be an overall value for similarity (e.g. a value 
between 0 and 1) or a map in its own, which means that the result of a comparison of two 
maps is a third map, indicating per location how strong the similarity is. Map comparison 
procedures are, amongst others, important for the validation and calibration of spatial 
models. For these tasks it is often necessary to assess the similarity between maps that 
display model results and the “real world“ maps. In this paper the definition of map 
comparison is restricted to the comparison of raster maps containing categorical data. The 
maps that are compared cover the same area and have identical cell-size and orientation. 
Categorical raster maps are often found in models of land use change or urban 
development, where the categories indicate different types of land use. They are also 
commonly found in ecological models, where the categories indicate the presence of 
different species or of different types of ecosystem.  
2. Percentage-of-Agreement and Kappa statistic  
The most simple and therefore much used method of comparison is to calculate the 
Percentage-of-Agreement. This can be calculated by dividing the number of cells that are 
identical in both maps by the total number of cells. A refinement of the Percentage-of-
Agreement is the Kappa statistic. For applications of and variations on the Kappa 
statistic, see [6], [8] and [9]. This statistic corrects the percentage-of-agreement, (PA), for 
the percentage-of-agreement that can statistically expected from a random rearrangement 
of all cells in both maps (PE). It is calculated according to Equation 1. 
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A flaw of both the Percentage-of-Agreement and the Kappa statistic is that they are based 
on a cell-by-cell map comparison in which the difference between cells is crisp; the cells 
are either identical or they are not. It does not take into account that some categories are 
considered more similar to each other than others. Nor does it have a certain tolerance for 
small spatial differences that a human observer would have. E.g. in case a category is 
present in a cell in one map but not in the other, a low similarity is found. If one of the 
neighbouring cells, however, were taken in by that same category instead, a higher 
similarity would be expected. Figure 1. demonstrates this with two pairs of maps. The 
Kappa statistic and the Percentage-of-Agreement are identical for both pairs, even though 
a human observer would consider the first pair (Figure 1a.) to be more similar than the 
second pair (Figure 1b.).  
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b. Second pair of maps 
Figure 1 Two pairs of maps: A perceivable difference in similarity, but identical results 
for Percentage-of-Agreement and Kappa statistic. 
3. Fuzzy Set Map Comparison 
The Fuzzy Set Map Comparison is a relatively new alternative approach. It does take a 
tolerance for small spatial errors into account and also considers similarity between 
categories. This method is presented in detail in [4] and makes use of fuzzy set theory 
[11]. Other approaches considering proximity in map comparisons can be found in [1], 
[2] and [10]. Despite the existence of a range of methods, still there is a need for a 
generally accepted and applicable method; in [3], Foody writes: ‘Why cannot some level 
of positional tolerance be more generally incorporated into thematic map accuracy 
assessment’. 
For this paper a simplified version of the Fuzzy Set Map Comparison is applied, in the 
sense that fuzziness of the definition of categories is left out of consideration. The 
comparison method generates a fuzzy representation of each cell. This fuzzy 
representation does not only depend on the category taken in by the cell itself, but to a 
lesser extent, also on the categories found in its proximity. The exact extent to which 
neighbouring cells influence the fuzzy representation of a cell is defined by a distance 
decay function. The maps are compared cell-by-cell considering both the crisp and the 
fuzzy representation of each cell. Thus, a Similarity Map is produced, indicating for each 
cell the similarity with a value between 0 and 1. An overall indication of the map 
similarity is calculated as the Fuzzy Kappa statistic, which scales the average similarity to 
the expected similarity in the same manner as the (crisp) Kappa statistic (Equation 2). As 
a matter of fact, the Kappa statistic is a special cases of the Fuzzy Kappa statistic in 
which the level of fuzziness is zero. 
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The effect of applying the Fuzzy Set Map Comparison is illustrated in Figure 2. It shows 
that the tolerance for small spatial differences indeed leads to a higher similarity of the 
first pair of maps. 
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Figure 2 The Fuzzy Set Map Comparison of two pairs of maps as found in Figure 1 
Greyscales in the comparison map indicate level of similarity. The value of Fuzzy 
Kappa is based upon a distance decay function with a value of 0.5 for directly 
adjacent cells and 0 for all other cells in the neighbourhood. 
4. Comparison of the comparisons 
To validate the assumption that Fuzzy Set Map Comparison does approach human 
judgment closer than the crisp alternatives a test case is considered. The case was 
available from an Internet survey conducted by Matthias Kuhnert [7]. Participants of the 
survey were presented ten pairs of categorical maps and were asked to express the 
similarity of each pair as a number between 0 and 1. After 127 participants filled out the 
form, the average similarity of each pair was calculated. The maps and the survey results, 
as well as the map comparison results can be found in Figure 4.  
The correlation between the similarity expressed by the participants and the comparison 
methods is evaluated. The Fuzzy Set Map Comparison is performed for several fuzzy 
settings. In first instance the settings that were considered appropriate in an earlier case 
[5] are applied (exponential distance decay with a halving distance of two cells and a 
maximum radius of four cells). A correlation of 0.82 is found for those settings. After 
optimising the settings, a correlation of 0.88 is found (for an exponential distance decay 
function with a halving distance of 1 cell and a maximum radius of 6 cells). For the 
Kappa statistic a correlation of 0.79 was found and for the Percentage-of-Agreement a 
correlation of 0.72 (see also Figure 3). 
The cautious conclusion based on this rather small test case is that the Fuzzy Kappa 
approaches human judgment closer than the (crisp) Kappa and the Percentage-of-
Agreement. 
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Figure 3 Correlation graphs, the automated comparison results are plotted against the 
similarity expressed in the survey. 
   
 
Survey   0.420 
Percentage-of-agreement 0.747 
Kappa   0.269 
Fuzzy Kappa (initial) 0.195 
Fuzzy Kappa (optimised) 0.230 
  
 
Survey   0.393 
Percentage-of-agreement 0.607 
Kappa   0.151 
Fuzzy Kappa (initial) 0.140 
Fuzzy Kappa (optimised) 0.146 
   
Survey   0.624 
Percentage-of-agreement 0.914 
Kappa   0.807 
Fuzzy Kappa (initial) 0.808 
Fuzzy Kappa (optimised) 0.802 
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Fuzzy Kappa (initial) 0.711 
Fuzzy Kappa (optimised) 0.702 
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Fuzzy Kappa (optimised) 0.043 
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Percentage-of-agreement 0.325 
Kappa   0.110 
Fuzzy Kappa (initial) 0.065 
Fuzzy Kappa (optimised) 0.087 
 
 
 
Survey   0.352 
Percentage-of-agreement 0.617 
Kappa   0.195 
Fuzzy Kappa (initial) 0.138 
Fuzzy Kappa (optimised) 0.157 
 
 
 
Survey   0.309 
Percentage-of-agreement 0.418 
Kappa   0.108 
Fuzzy Kappa (initial) 0.040 
Fuzzy Kappa (optimised) 0.067 
   
Survey   0.462 
Percentage-of-agreement 0.761 
Kappa   0.372 
Fuzzy Kappa (initial) 0.353 
Fuzzy Kappa (optimised) 0.364 
Figure 4 Ten pairs of maps found in the web survey and their comparison results. The 
green-grey map is the comparison map and indicates the level of similarity for 
each location. Darker cells are less similar.  
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